The following paragraphs are an abstract of a paper on ambulance deployment in Austin, Texas. I thought that it would be interesting to write about this paper as it illustrates how integer programming methods have been used to come up with a very efficient way of organizing medical care services in the city. In 1978 the city began a study on the Emergency Medical Service (EMS) system to determine what services should be delivered, by whom, via what number and types of equipment, and sited at which locations. Their goal was to provide quality service to all segments of the population at a reasonable cost. This paper by David J. Eaton, Mark S. Daskin, Dennis Simmons, Bill Bulloch, Glen Jansma makes use of a modified maximal covering location model to outline a new and better plan for the EMS system.
The role of Integer Programming
Data: A network of 358 zones developed by the Austin Transportation Study Office (ATSO) was used for analysis. A sample of calls and population data were used as surrogates for EMS demand. Data regarding location and time of each call, the cause of the incident, and EMS response and service times were got from EMS files.
Methodology: 3 classes of models were used: (1) a data analysis package developed during the study (2) computer mapping programs (3) a location model. The first two classes are beyond the scope of discussion in this abstract. Set covering model, maximal location covering model and the P-median formulation were the deterministic location-optimization models that were considered. The set covering model was not chosen, as it did not consider differences in demand across the network. Also by requiring total coverage, it was felt that it would suggest the need for an excessive number of vehicles.
The maximal covering location model was adopted because the integer programming formulation allowed analysis on a variety of policy options, including changes in the number of vehicles, the response time used to define coverage and the allowable candidate vehicle locations. Each option could be assessed in terms of its ability to serve a variety of call-based and population surrogates for demand. Also the EMS staff preferred a coverage objective and a working code for the model was also available.
The essence of the Austin EMS vehicle deployment problem was finding a compromise among competing objectives: minimizing response times, minimizing the number of vehicles deployed and maximizing system performance. Two cost-containment policies were considered: (1) joint use of facilities by EMS and fire personnel (2) adoption of a two-tiered (advanced and basic life-support) response capability.
Their strategy was to use maximal covering to generate the best and worst coverage levels for each surrogate that would have been produced by a complete multi-objective analysis. Using national EMS standards, it was determined that 12 vehicles would cover 95 % of all calls within 5 minutes and 95% of both critical and noncritical calls. Maximal covering runs was used as a basis for selecting sites in addition to others.
Use of Maximal Covering for Policy Analysis:
The maximal covering location model (MCL) selects sites to maximize the total demand that can be covered by a fixed number of facilities, P, within a user-specified critical response time, S. The MCL model is reformulated as a multi-objective optimization problem as follows: maximize , the weighted sum of the covered demand surrogates ∑ ∑ W k = weight associated with coverage of the k-th demand surrogate (weights sum to 1),
N i = the set of zones j that are within S time units of zone i (that is the zones j which can cover zone i).
Implementation issues and benefits
The LP relaxation of the MCL model was solved using the IBM Mathematical Programming System package on an IBM 360/65 computer. The average solution time for 6 problems locating one through 6 facilities with a coverage time of 5 minutes was 47 seconds. Instead of solving the problems optimally, the "greedy adding and substitution" algorithm was used for solving the problems to explore the impacts of a large number of policy options. The heuristic solution required 2 seconds compared to the 47 seconds needed for the LP relaxation runs. The plan outlined in the paper saved the city $3.4 million in construction costs and $1.2 million per year in operating costs. Average response time reduced despite an upsurge in calls for service and equitable service was provided to those who most needed it.
Conclusions
I felt that this paper illustrated lucidly how operations research has been applied to a very practical real world problem. Though the model may seem simple, it has profound and far-reaching implications. This has been demonstrated by the huge reductions in monetary expenses. Also a lot of factors have been accounted for in the formulation as has been mentioned at the beginning. I was definitely able to appreciate the theory behind the model because of prior exposure to the various technical terms through the Integer Programming course. This paper shows how systems analysis enhanced traditional methods of decision-making. Also, optimization techniques were used to calculate benefits and costs (including opportunity costs), but not to select an "optimal" answer.
